Background and Aims: hip fractures are commonevents that requireintensive operative hospital care and al engthy rehabilitation. the effect of hip fracture type on successful rehabilitation is not well known. the aim of this study is to model and compare the length of the care episodes between intra-and extracapsular hip fractures in finland.
INTRODUCTION
Among the ageing population, hip fractures are common events that can be devastating and costly (1). Besides having a high mortality rate, they also requireintensive operative hospital careand alengthy rehabilitation (2). In anumber of cases, rehabilitation is unsuccessful and the patient requires long term residential care, leading to even higher costs of care (3). As the incidence of hip fractures increases sharply with age, and as populations age, the outcomeofhip fracture care is critical for the health system and elderly care(1).
Hip fractureevents serve as an excellent model for studying the determinants of successful geriatric rehabilitation, as the diagnosis of hip fractures is usually straightforward, best practices are well established, and critical outcomes arereadily defined. The success of rehabilitation after ahip fracturehas been shown to depend on the comorbidity and cognitive impairment level of the patient (4, 5), but also on the way the rehabilitation careisprovided (6-8).
The term hip fracture refers to a fracture of the upper end of the femur.H ip fractures arec ommonly classified into intra-and extracapsular according to their relationship to the capsular attachment of the hip. Patients with intracapsular fractures tend to be younger, more mobile, and are less likely to use walking aids or live in residential accommodation; they also have ac onsiderably shorter length of hospital stay than those with extracapsular fractures (9-12).
However, the effect of hip fracture type on successful rehabilitation is not well known. The aim of this study is to model and compare the length of the care episodes between intra-and extracapsular hip fractures in Finland.
MATERIAL AND METHODS
Thet otal population of hip fracturep atients in 1998-2001 was identified in the Finnish Health Care Register using the 10 th revision of the International Classification of Diseases (ICD-10) diagnosis codes S72.0 (fracture of the neck of femur), S72.1 (trochantheric fracture) and S72.2 (subtrochanteric fracture). Data on the use of residential careand deaths for this hip fracturep opulation weree xtracted from the Finnish Health CareRegister and from the national Causes of Death Statistics using the unique personal identification number of each patient. Records in these registers include a lot of data: patient and provider ID-numbers, age, sex, area codes, and diagnosis and operation codes, as well as dates of admission, operation and discharge (or death). The validity of Finnish register-data for hip fracturefollow-up studies is very good (13) .
The actual study population was restricted to patients aged 65 or older having their first hip fracturea nd living at home at the time of fracture( n=1 55 44). Hip fractures were classified into intra-capsular (S72.0) and extracapsular fractures (S72.1, S72.2), using diagnosis codes recorded for the primary operative care period. Other covariates included were age at the time of fracture, sex, operation type, hospital district, days of inpatient care during one year before the fracture, and the place from which the patient was admitted to the surgical ward( home, nursing home, primary care inpatient ward, hospital). Also certain preexisting comorbid conditions were identified from the data in a manner similar to that used in previous register-based hip fracture studies (14) .
There are three main outcomes for hip fracture treatment: 1) the patient is able to return home, 2) the patient becomes along-term patient, or 3) the patient dies. Discharge home may take place directly from the surgical wardo ra fter some inpatient rehabilitation. The hip fracturecareepisode was defined as acontinuous episode of inpatient treatment, beginning with operative treatment on the surgical ward and ending with discharge to home. If the rehabilitation period exceeded four months, the patient was classified as al ong-term patient (15) . The hip fracturec aree pisode was considered successful if the patient was still staying at home two weeks after the discharge home.
STATISTICAL METHODS
AB ayesian nonparametric multilayer perceptron (MLP) network model was used for the statistical modeling (16, 17) . Bayesian formalism gives ap rincipled approach to combine the MLP model description,prior information and the data. The MLP model allows flexible ways to present distributions without fixing the functional forms in advance, and makes it possible to deal with nonlinearities and complex interactions between covariates in the data. Modeling was formulated as aclassification task. For the length of stay (LOS) distributions each class corresponded to the length of stay at an accuracy of one week. The probability that a class target y had value j (out of k possible outputs) was computed using softmax likelihood
The latent function was modelled with an MLP function, corresponding to the network with one hidden layer of the form
where a d-dimensional input vector is denoted by x, and w represents weight parameters in the model. Indices i and j correspond to input and hidden layers, respectively.
The prior was set indirectly via the network -and weight priors -t oaf unction space. The following hierarchical structure was used The relative risks for the background characteristics and process variables between the intracapsular and extraca-psular groups weree stimated using ab inomial model for discrete variables, and anormal distribution for continuous variables. In both these cases a noninformative prior was chosen, and credible intervals were obtained using simulation samples from the posterior distributions. To analyze the differences between the binary valued outcome variables of intra-and extracapsular groups, the MLP model with a single output was used. In this case theprobability that a binary class target y had value 1was computed using logistic transformation
This allowed us to obtain the relative risks, adjusted for background characteristics and process variables.
To illustrate the effects of the covariates on the probability of discharge during certain weeks, we computed average predictive comparisons for the probability of discharge during these weeks for the variables of interest. The comparisons wereobtained for alarge simulation test group by observing the average difference in probability corresponding to aunit difference in each of the input covariates (18) . For the two covariates (the place from which the patient was admitted to the surgical wardand operation type), the average difference was compared to the average value.
RESULTS
The basic characteristics of the hip fracture population arer eported in Table 1 . Intracapsular fractures were more common, accounting for about 63% of all hip fractures. Patients in both fractureg roups had similar background characteristics.Osteoarthritis was morec ommon among the extracapsular patients. There were no differences in mortality figures between intra-and extracapsular hip fractures (Table 1) . Ah igher proportion of patients with intracapsular hip fractures were discharged home directly from the surgical wardo rd uring the rehabilitation period. Thus, it was more likely that a patient with an extracapsular hip fracturer equired long-term care. The proportion of patients dying beforer eturning home or becoming along-term patient was 16.2% and 16.6% for intra-and extracapsular patients, respectively. The proportion of patients at home one year after fracture did not differ between fracture types.
The average LOS at the surgical wardwas similar for both groups (1.7 weeks), but there was a significant difference in the length of total inpatient treatment between intra-and extracapsular fractures (5.2 weeks vs. 6.9 weeks). The mode class for the length of stay was 3 weeks for intracapsular fractures, while the LOS distribution had a typical right-skewed shape, wherethe mode is reached quite quickly and the probabilities for longer stays steadily decrease (Fig. 1A) . For extracapsular hip fractures, the shape of the LOS distribution was non-standard, having no systematic decrease in probabilities after reaching a peak at 2w eeks until the mode in the distribution seen at 7-8 weeks. The disparity between the shapes of the distributions for intracapsular and extracapsular fractures was clear (Fig. 1A) .
For both of the fracture types, the MLP model was also used to examine how the differences in the observed LOS and predicted LOS relate to the success of discharge home. The discharge was considered successful if the patient was staying at home two weeks after discharge. In Fig. 1B , the proportions of successful discharges home ares hown as af unction of the residual (the difference in the observed LOS and expected LOS) for each fracture type. The result was computed using the MLP classifier to adjust for the effect of covariates and to obtain a smoothed result. For extracapsular fractures, a shorter than expected LOS was associated with as lightly higher proportion of successful discharges, while al onger than expected LOS resulted in alower proportion of successful discharges. In other words, therew as no indication that shorter inpatient stay would lead to worse results among the patients with extracapsular fractures. The results for intracapsular fractures demonstrated that somewhat shorter than expected LOS was associated with ahigher proportion of successful discharges, indicating that the available registerbased data had not enabled the model to identify some early-discharge patients with ac learly better prognosis.
The simulated effects of the covariates on the probability of an early discharge arep resented in Fig. 2 with corresponding 95% credible intervals. It seemed that patients with more frailties required longer LOS.
DISCUSSION
In this study, the length of stay until discharge home was found to be significantly longer for the extracapsular fractures. Asimilar pattern has been detected in previous studies (9, 11, 19). The novel finding in this study was the markedly different shape of LOS distributions for intra-and extracapsular fractures. The LOS distribution for the intracapsular fractures was shown to have asimple unimodal shape, whereas the shape of the LOS distribution for extracapsular fractures was found to be multimodal with two clear peaks, suggesting (at least) two separate subpopulations.
Determining the total length of stay in inpatient institutions in a reliable way for all hip fracture patients required a reconstruction of the treatment chains, made possible by the comprehensive Finnish register-based data. Although the registers do not contain all clinically relevant variables, and certain comorbidity prevalences are probably underestimated because of missed diagnoses or underreporting (6, 20), the validity of the register data for follow-up purposes has been demonstrated to be even better than with separate audit data collection (13) . The anomaly in the shapes of LOS distribution would probably have been missed without the use of ahierarchical nonparametric Bayesian model.
The actual reasons for the detected differences in LOS are largely unknown. They were not due to differences in background characteristics, as the groups werev ery similar in this respect and therew eren o differences in mortality figures. Because operation techniques vary between the types of hip fractures, these may have an influence on the LOS. In Finland, hemiarthoplasty has been the primary mode of treatment for intracapsular fractures, and osteosynthesis has been used mainly for younger patients (21) . Extracapsular fractures have been typically treated with a sliding hip screw or gamma nail (22) . Total hip arthoplasty is used only for patients with osteoarthritis of the hip or rheumatoid arthritis. As the femoral head is removed and the femoral stem is typically cemented in hemiarthoplasty,theremay be less pain in ambulation and full-weight bearing may be easier than for patients who underwent internal fixation. This interpretation is supported by the fact that patients with trochanteric fractures are known to expe- average change in early discharge probability
Background characteristics

Process variables
Operation type rience morep ain on walking during the first couple of postoperative weeks (23) . Moreover, osteosynthesis was found to be a significant predictor for a longer LOS in this study.
However, the multimodal shape of the LOS distribution for extracapsular fractures was unexpected, because similar postoperative rehabilitation practices, including immediate weight-bearing (7, 8), has been promoted in Finland for all patients regardless of the fracturet ype or operation performed (24) . Certain subtrochanteric fractures are an exception, while multifragmented trochanteric fractures may sometimes result in an unstable osteosynthesis that makes immediate weight-bearing more difficult (19) ; it is unlikely however that these special cases would explain the multimodality. On the other hand, most hip fracturepatients arereferred to rehabilitation units or to a local health centre hospital for rehabilitation immediately after operative treatment in the surgical ward ( 25) , and different local service structures and resources lead to variations in rehabilitation practices (22) . Amore plausible explanation for the multimodality is therefore that hospitals may be using outdated practices, such as instructing most of the patients with extracapsular fractures to start rehabilitation with partial weight-bearing. In fact, the examination of residuals in this study suggested that no harm would arise from shortening the LOS of patients with extracapsular fractures, and actually as omewhat shorter than expected LOS might result in better success of discharge to home, as was the case with the intracapsular fractures.
In conclusion, the results confirmed that patients with extracapsular fractures require more health system resources during the hip fracture treatment process, since the rehabilitation is significantly slower than in the intracapsular group. As theredonot seem to be any obvious adverse effects in shortening the LOS for patients with extracapsular fractures, and as the recent Finnish clinical guideline suggests similar rehabilitation for all hip fracturep atients (24) , early and aggressive rehabilitation of patients with extracapsular fractures is needed, including full-weight bearing for all but selected patients.
